BACKGROUND: Despite decades of trauma system development, many severely injured patients fail to reach a trauma center for definitive care.
T rauma systems are designed to centralize resources and experience to assure complete access to definitive care and maximize efficiency. 1 The Florida trauma system was established in 1982 when the legislature authorized the Florida Department of Health (DOH) to designate trauma centers. Later system improvements included enacting legislation to create a statewide system of designated trauma centers (DTCs) and a prehospital triage plan to ensure transport of severely injured patients to the nearest appropriate trauma center. By 1999, the state charged the DOH with planning, coordinating, and establishing a 5-year plan for the implementation of a statewide trauma system. In 2005, the state commissioned a study to evaluate the efficacy, efficiency, and equity of the Florida trauma system as a basis for continuing its funding. 2 This study demonstrated that treatment in a trauma center was associated with a substantial reduction in mortality and cost of care. Although 95% of Florida citizens reside within 85 minutes of a trauma center, only 38% of patients were actually triaged to trauma centers. One limitation of this study was the inclusion of less severely injured patients (Injury Severity Score Ͼ9). It can be argued that many of the less severely injured in this cohort could potentially receive definitive care in community hospitals and that the trauma center confers its greatest benefit on the severely injured. [3] [4] [5] [6] Three new Florida trauma centers have been designated since 2005; two in areas of need identified by the 2005 study and one in a trauma service area in accordance with the state's trauma system plan. The purpose of this study was to analyze the geographic distribution of severely injured patients between Florida DTCs and nontrauma centers (NTCs) to identify areas for further trauma system improvement.
METHODS
Data were obtained from the Florida Agency for Health Care Administration (AHCA) database, which includes information on the patients' residence, discharging hospital, and up to 30 DRG International Classification of Diseases9th Rev (ICD-9) codes. Although a statewide trauma registry is in development, it does not include information on injured patients treated at NTC hospitals. To obtain information on patients treated at both DTCs and NTCs, we required a statewide discharge database. The 2009 ACHA database was queried to identify all patients with ICD-9 codes between 800 and 959 excluding (1) elderly patients with femoral neck fractures resulting from a fall (age Ͼ65 years, ICD-9 code 820.xx), (2) patients with a single injury that had no potential for mortality, (3) admissions not classified as an emergency, (4) patients with diagnoses relating to the insertion of foreign objects into body orifices, (5) patients admitted for complications occurring from a previous trauma, and (6) patients with a length of stay Ͻ24 hours who had no intensive care unit charges.
The study group consisted of patients with the following injuries: (1) patients with fractures of the skull, neck, trunk, intracranial injury, and spinal cord injuries (ICD-9 codes 800 -809, 850 -854, and 952); (2) other fractures (810 -819 and 821-829); (3) internal injury of the thorax, abdomen, or pelvis (860 -869); (4) injury of blood vessels (900 -904); and (5) burns (940 -949). These patients were defined as "true trauma" patients for the purposes of the study. The International Classification Injury Severity Scores (ICISS) methodology was used to estimate the severity of injury and the risk of mortality for patients admitted to Florida hospitals. [7] [8] [9] Survival risk ratios for specific injuries were calculated from the AHCA database for 1991 to 2008. ICISS for patients with multiple injuries were calculated as the product of the individual survival risk ratios. This analysis was limited to patients discharged from an adult trauma center with an ICISS Ͻ0.85, which equates to a probability of survival Ͻ85%.
The patients' home zip code was used as a surrogate for injury location, 10 and for mapping purposes, each patient was assigned a random geographic coordinate within his or her home zip code. Individual patient residences were mapped using ESRI ARCGIS software (Redlands, CA).
Natural catchment areas were defined for each of the 22 Florida designated adult trauma centers (DTCs) by a radial distance from a center which encompassed 75% of patients who were discharged from that center. The area in each DTC catchment was calculated as the sum of the dry land area within each zip code whose geographic center was within the DTC radius. Data are reported as mean Ϯ SD, unless otherwise noted, and p Ͻ 0.05 was considered significant. Analyses were performed using SAS for Windows (Cary, NC).
RESULTS
Study data are summarized in Table 1 . There were 14,653 severely injured patients discharged from Florida hospitals in 2009: 7,655 (52%) from DTCs and 6,998 (48%) from NTCs. The mean ICISS of discharged patients was not different between DTCs and NTCs. The number of severely injured patients discharged from each DTC varied from 117 to 961 (mean, 382.8 Ϯ 217.8) and the ICISS varied from 0.59 to 0.69 (mean, 0.64 Ϯ 0.03).
During the study period, we found that 4% of severely injured patients discharged from DTC had received initial inpatient care at a NTC. The discharge variable indicated that only 1.8% of severely injured patients were discharged from a DTC to another acute care hospital and that 2.7% of severely injured patients were discharged from a NTC to another acute care hospital. These data do not reflect the rate of interfacility transfer between emergency rooms because the emergency room patients are not admitted to the initial treating facility and thus are not discharged from those facilities.
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The distribution of severely injured patients discharged from Florida trauma centers is shown in Figure 1 along with the DTC catchment areas. The catchment areas varied in geographic size from 204 square miles to 12,682 square miles. All but 9,147 square miles (8%) of the total area in the state were within the DTC catchment areas. Nearly all catchment areas overlapped neighboring catchment areas with two (SHH and TGH) entirely encompassing one or more other catchment areas. The distribution of all severely injured Florida residents discharged from Florida hospitals is shown in Figure 2 along with the DTC catchment areas. Within most catchment areas, a heterogeneous distribution of patients discharged from DTCs and NTCs is observed with patients discharged from NTC clustered in identifiable locations.
DISCUSSION
Trauma centers concentrate high value and rare resources to optimize care of the injured patient. Care provided at Florida trauma centers is associated with a significant survival advantage and a reduction in costs of care. 2 Concentration of patients at trauma centers ensures volume to maintain service and clinical expertise. Access to trauma centers is dependent on proximity (geographic and practical) and availability of existing centers. Areas remote from trauma centers depend on local hospitals for initial stabilization and transfer of severely injured patients to the regional trauma center. The proportion of severely injured patients discharged from trauma centers within a system reflects the accuracy of both field triage and interfacility transfer to trauma centers and is a measure of system performance.
As our analysis was based on hospital discharge, a potential confounding factor is the transfer of severely injured inpatients between acute care hospitals. Although the dataset does not indicate to which other hospital a patient was transferred, we found Ͻ2% of patients were discharged from a DTC to another acute care hospital and Ͻ3% were discharged from a NTC to another acute care hospital. These data only reflect inpatient transfers between acute care hospitals and do not include transfers between emergency departments. Because the rate of interfacility inpatient transfer was small, we did not expect it to affect the qualitative results of the study.
In this study, we used the ICD-9-based ICISS scoring system because the statewide discharge database includes discharge diagnoses but not other data fields commonly used in other trauma scoring systems. The ICISS method has been shown to outperform other scoring systems in predicting injury mortality and is particularly suited for the study of large populations. 7, 8, 11, 12 The definition of severely injured patients was chosen to match that of several preceding studies that focused on the survival advantage of severely injured patients treated at DTCs in Florida. [13] [14] [15] All these studies established a substantial risk-adjusted reduction in mortality for severely injured patients treated at Florida DTCs.
The 2006 Florida trauma system study showed that only 38% of injured patients were treated in Florida trauma centers. 2 This seems like an unacceptably low number given that Florida has a mature statewide trauma system with trauma centers located in the major metropolitan areas. However, this study included all injured patients regardless of severity. Recognizing that many patients with minor or moderate injuries could receive definitive treatment in local community hospitals, we limited this study to those with severe injuries who are at significant risk of death. We reasoned that it is this population that realizes the greatest potential benefit from organized delivery of trauma services. We excluded the two dedicated pediatric trauma centers as they serve a subset of trauma patients in a given community. We found that only 52% of severely injured patients receive care at DTCs. We also found no statewide difference in the injury severity between the population of patients discharged from trauma centers and those discharged from NTCs. Because our data were limited to ICD-9 based codes, additional study is needed to analyze whether there is a difference in the physiology between the two groups.
We next sought to characterize the regions of the state served by the existing trauma centers and identify areas with limited access to the trauma system. We defined a trauma center's catchment area as the geographic region where 75% of that center's patients reside. Although the use of actual injury location would have been ideal, these data are not included in the statewide database. On the basis of a 2008 report from the Florida DOH demonstrating that 90% of trauma patients were injured within their county of residence and 60% were injured within their home zip code, we assumed that the patient's residence was in proximity to location of injury. 16 The use of home zip code as a surrogate for injury location has also been supported by others. 10 Furthermore, as illustrated in Figure 1 , the DTC catchment areas typically encompass multiple counties suggesting that home zip code serves as a better proxy for injury location than county of residence when defining the DTC catchment areas. Although we recognize that there will be some systematic error, we assumed that this would not affect the qualitative results of our study. We found significant variability in the number and injury severity of patients treated in the state's DTCs. We also found significant variability in the size of the regions covered and the amount of overlap between the trauma centers' catchment areas. Indeed, this overlap between centers accounts for our observation that 93% of residents live within the catchment area of at least one trauma center and that together the catchment areas cover 92% of the state's dry land.
Just as we observed variability in the number and severity of patients treated at trauma centers, we found substantial variability in the proportion of patients treated at trauma centers within each DTC catchment area. This variability was not related to the radius or the size of the catchment areas. Although we did not find a difference in the mean ICISS between patients discharged from DTCs and NTCs in most catchment areas, we found that local trauma systems were better at delivering more severely injured patients to trauma centers in five catchment areas and worse in one. We interpret this variability in quantity and severity to reflect differences in rates of field triage and requests for interfacility transfer of severely injured patients to trauma centers within the catchment areas.
Although overtriage and undertriage are important measurements of system performance, there is no standard definition for either. The issue is further complicated by distinguishing primary scene triage from secondary interfacility triage to DTCs. 3 The Florida trauma system uses a statewide prehospital trauma scorecard that identifies patients who should be triaged from the scene to the DTC or the closest appropriate hospital for patients in need of initial stabilization before secondary transfer. Part of the criteria is a subjective judgment by the emergency medical services team that alone can determine primary DTC triage. The state trauma plan also has guidelines for interfacility transfer of patients to DTC after initial evaluation. According to this methodology, patients meeting prehospital trauma criteria and who are not transported to DTCs would be considered primary undertriaged and patients who do not meet prehospital criteria who were transported to DTCs would be considered primary overtriaged. Similarly, patients who meet interfacility transfer guidelines and who are not transferred to DTC would be considered secondary undertriaged, and patients who do not meet interfacility transfer guidelines and who were transferred to DTC could be considered secondary overtriaged. There are also a number of patients who do not meet prehospital trauma criteria or interfacility transfer criteria who do in fact require services not available at the initial receiving hospital (e.g., orthopedic or maxillofacial services). As the AHCA database does not include prehospital information, we could not evaluate the rates of compliance with the state's triage tool or interfacility guidelines. Given a standard definition, the state trauma registry could potentially determine the rate of primary and secondary overtriage to DTCs, but because it lacks information from NTCs, it could not determine the rate of primary or secondary undertriage to NTCs. Whether the state triage tool and interfacility transfer guidelines accurately identify patients in need of trauma center resources is another matter entirely.
By geocoding patient residence and differentiating between trauma center and NTC discharges, we identified communities that seem to have limited access to the state trauma system. Although there are some (mostly rural) areas of limited access located on the periphery of a catchment area, we were surprised to find several (mostly urban or suburban) areas in proximity to a trauma center. Improving access in rural areas will likely require different solutions than improving access in metropolitan areas. It is interesting that 56% of patients residing outside all trauma catchment areas received treatments at trauma centers. This suggests that the most remote areas of the state have access to trauma centers similar to many of the metropolitan areas. Similarly, 68% of nonresidents received treatment at trauma centers which is presumably a reflection of seasonal residence or tourist travel in areas near existing trauma centers.
Because rural emergency medical services agencies are directed to transport injured patients to the nearest hospital for initial stabilization, improved interfacility transfer guidelines and agreements should improve secondary triage to trauma centers for definitive care. Alternatively, designation of additional trauma centers in population centers with significant trauma volume may be necessary. Further study of individual regions is needed to determine whether local populations will support additional trauma centers and the effect these centers would have on existing trauma center volume. Conversely, metropolitan areas in proximity to existing trauma centers may require improved compliance or revision of prehospital triage guidelines. Further study is also needed here to determine whether the resultant increase in trauma center volume would overwhelm existing trauma center resources.
The scope of this study was limited to the geographic distribution of severely injured patients within our state. We did not seek to further characterize the differences in populations treated in DTC. Prior study noted that older patients were less likely to be treated in trauma centers. 2, 14 Treatment of elderly patients with isolated hip fractures is one of many potential factors that could account for this finding. This study was limited to patients with injuries more severe than isolated hip fractures and thus would not be affected by this phenomenon. Differences in economic profile or injury patterns among patients treated at NTCs may also provide clues variability in regional triage to trauma centers. 17, 18 Future study of data not available in the statewide database is needed to identify these underlying factors.
In summary, we found that despite more than three decades of trauma system development, nearly half of the severely injured patients in Florida do not receive care at trauma centers. We defined the catchment areas served by the existing trauma centers and regions in our state where access to the trauma system remains limited. We plan to use these findings to focus further study on individual trauma center catchment areas and determine the compliance with prehospital and interfacility triage guidelines, the effectiveness of these triage guidelines in identifying patients who need organized trauma care, the availability of existing DTC resources, and the availability of NTC resources for injured patients. Our findings raise many questions that cannot be answered by the currently available data. This calls for a statewide trauma registry that includes not only data on patients admitted to DTCs but also data on injured patients admitted to NTCs to a level of detail that includes prehospital and outcome elements. We hope that our research will aid the Florida DOH, Office of Trauma and the Florida Committee on Trauma in its continuing efforts for inclusive trauma system development and implementation. Although our findings are specific to Florida, we suspect that many state and regional trauma systems have similar issues with respect to ensuring that severely injured patients have access to the designated trauma resources. We submit that the method of study introduced here could be used by other systems to identify regions for further study and improvement.
